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Abstract
Background: Nucleic acid-based assays provide an opportunity to screen for ge-
netically encoded diseases like spinal muscular atrophy (SMA), before the onset 
of symptoms. Nowadays, such assays could be easily utilized as high-throughputs 
in SMA to detect a homozygous deletion of exon 7 of the survival motor neuron 1 
gene (SMN1) that is responsible for >95% of SMA patients.
Methods: We developed a new line method (NLM) as a direct real time PCR test 
procedure without nucleic acid extraction in dried blood spots (DBS) to screen for 
homozygous deletion of exon 7 of the SMN1 gene. Performance of this setup was 
evaluated on 580 DBS newborn samples and air dried 50 DBS from whole blood 
including 20 samples for homozygous deletion of the SMN1 gene detected earlier 
with MLPA.
Results: We found all 580 newborn DBS samples as wild type. DBS prepared 
from 50 whole blood samples also including 20 affected people were correctly 
identified as homozygous deletions and 30 wild types of exon 7 of SMN1 as before 
with MLPA. When the MLPA method was taken as the gold standard, the sensi-
tivity and specificity of the NLM test were found 100% for the detection of SMN1 
exon 7 homozygous deletion.
Conclusion: In the NLM, the total test duration has been reduced to less than 
75 min without requiring any extra process such as DNA extraction step and sam-
ple plate preparation after the punching step. Thereby, newborn SMA screening 
with the NLM has gained an environmentally friendly feature with not requiring 
additional tedious steps.
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1   |   INTRODUCTION

SMA is one of the most common autosomal-recessive 
diseases, with an incidence of ~1 in 6000–10,000 live 
births and a carrier frequency of 1 in 35–117, depending 
on ethnicity (Hendrickson et al., 2009; Luo et al., 2014). 
The disease is characterized by the progressive degenera-
tion and loss of anterior horn cells in the spinal cord and 
brainstem nuclei causing symmetric muscle weakness 
and atrophy (Meldrum et al.,  2007). SMA is separated 
into different phenotypes, according to the age of onset 
and the motor function status. Generally, SMA type I is 
the most severe and common type, which affectsabout 
50% of patients. Life duration is generally considered to be 
<2 years because of the rapid, progressive muscle weak-
ness and respiratory failure (Czibere et al.,  2020, Finkel 
et al.,  2018; Kolb & Kissel,  2015; Mercuri, Darras et al., 
2018). Although therapeutic approachings have been de-
veloped recently available, the success of these therapeu-
tic interventions strongly depends on early starting due 
to the substantial loss of motor neurons that occurs at 
3 months of age (Czibere et al., 2020; Finkel et al., 2018; 
Kolb & Kissel, 2015; Mercuri, Finkel et al., 2018; Saffari 
et al.,  2019). By luck, nowadays, a genetic test provides 
identification of the patients before the onset of symptoms 
and offers treatment options.

There are many challenges for genetic testing of SMA 
caused mostly by SMN1 (MIM *600354) exon 7 homo-
zygous deletion in newborn DBS samples, such as DNA 
extraction, selection of an appropriate assay, and the sam-
ple recording and tracking. Therefore, to overcome these 
challenges easily, we developed a simple and uncompli-
cated test for the detection of SMN1 exon 7 homozygous 
deletion in a rapid direct real time PCR application as 
NLM. In the procedure, first step is 1.2 mm DBS punch 
has been directly sent to the real time test plate with DBS 
puncher equipment. As the second step there is only need 
to add DBA mix and real time PCR assay could be directly 
started. Thereby, the sample plate after the punching step 
did not require extra time consuming procedures such as 
DNA extraction, sample recording and tracking.

2   |   MATERIALS AND METHODS

2.1  |  Ethics and samples

The research was started after obtaining the approval from 
the ethics committee (Acibadem University ATADEK-
2019-16/4) and informed consent for all parents. In this 
study, 580 DBS (Whatman 903) samples used in this study 
were gathered from the newborn who applied to Istan-
bul Acıbadem Hospital. Additional 50 air dried blood 

spots (I.W. Tremont Co.) were prepared with the bloods 
that were provided from a previously published study 
(Cavdarli et al.,  2020). The results obtained with MLPA 
(MRC Holland SALSA MLPA P060) were not shared with 
the technical team carrying out the wet lab research.

2.2  |  Punch sizes and DNA isolation

Punch sizes of 1.2 mm and 3.2 mm diameters were taken 
from DBS samples (BSD600 Ascent Juniour and DBS Card 
Punch Analytical SS) into the white 0.2 mL real time PCR 
test plates. DNA isolation, purity and concentration were 
not performed as they were not needed for the direct real 
time PCR. DNA isolations were only done with 3.2 mm 
DBS punches by using the SNP DBS DNA Extraction Kit 
(21S-03-50, SNP Biotechnology) for confirmation tests.

2.3  |  Internal control or reference gene

In real-time PCR studies, a housekeeping gene should be 
used as an internal control to analyze the reaction and 
amplification efficiency. We used FII-Prothrombin Gene 
(MIM* 176930) as an internal control or reference gene 
like published before (Cavdarli et al., 2020).

2.4  |  Primer-Probe design

Primers and probes are designed for point mutation 
(c.840C>T) and deletion in exon 7 of the SMN1 gene and 
for the reference gene “prothrombin”. The probe used for 
SMN1 was labeled with FAM dye-stain, while the probe 
used for the reference gene was marked with TEXAS RED 
dye-stain. The primer and probe sequences are listed in 
Table 1.

2.5  |  Direct real time PCR and DBS mix

In the study, all primers and probes were optimized to op-
erate multiplex reactions in a single tube. The final vol-
ume of the reaction mix was 22 μL, which included 1X 
DBS mix (SNP Biotechnology), 5 pmol of SMN1 P1 and P2, 
2.5 pmol SMN1 Probe—FAM, 11 pmol of Internal Control 
P1 and P2, 2.5 pmol Internal Control probe—TEXAS RED, 
and 1.0 Unit AB+ Taq DNA Polymerase (Nanohelix). The 
direct real time PCR in Bio-Rad CFX 96 (Bio-Rad) was 
performed without DNA extraction in the real time PCR 
plate containing DBS mix and DBS punches. Triple re-
peats were done for each sample. The real time PCR pro-
gram was consisting of 35 cycles including the initial DNA 
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extraction step (5 min at 95°C), denaturation (10 s at 95°C) 
and annealing/extension/reading (1 min at 60°C).

2.6  |  Principle of the 5′Nuclease method

The test principle is based on the 5′-3′ exonuclease activity 
of Taq DNA polymerase. The probe has a reporter dye at 
the 5′ end and a quencher dye at the 3′ end. The quencher 
dye suppresses the reporter dye irradiation and at the same 
time prevents the probe from acting as a primer. During 
PCR, the probe between the reporter and the quencher is 
broken apart with enzyme activity, and radiation is pro-
duced when suppression is eliminated. This process only 
takes place on probes hybridized over the target region. As 
the amount of amplification increases, the luminescence 
increases linearly with the release of the reporter dye, and 
this increase is detected simultaneously by the device.

3   |   RESULTS

3.1  |  Newborn DBS samples and punch 
sizes

In this study, 580 DBS (Whatman 903) samples used were 
detected as wild type for SMN1 Exon 7. The best results 
were obtained from DBS samples with 1.2 mm punch sizes 
(Figure  1a). Intended results were not always obtained 
from the 3.2 mm punch size due to some amplification er-
rors (Figure 1b).

3.2  |  Air dried DBS samples and 
punch sizes

Punch size results of 50 air dried blood spots (I.W. Trem-
ont Co.) for SMN1 Exon 7 yielded similar results as new-
born DBS samples. That is, the best results were always 
obtained from air dried DBS samples with 1.2 mm punch 
size (Figure 2a). Expected results could not be orderly ob-
tained from the 3.2 mm punch sizes and some amplifica-
tion errors appeared (Figure 2b). Also, 20 air dried blood 
spot samples previously known were detected as SMN1 
Exon 7 homozygous deletion (Figure 3) and the rest of air 
dried blood spot samples were typed correctly as wild type 
for SMN1 Exon 7.

3.3  |  Direct real-time PCR

When real time PCR were repeated three times with 
the samples containing DBS mix and DBS punches with 
1.2 mm size, we constantly obtained the similar Ct results 
for target and reference genes (Table 2). Preferable ampli-
fication plots were also seen in I.W. Tremont Co. 1.2 mm 
punch size samples (Figure 4).

3.4  |  Confirmation test

The results of 50 air dried DBS samples were found to be 
fully compatible in 1.2 mm punch size samples with previ-
ous MLPA data. MLPA results with 50 DBS samples taken 

Ref Forward GGTTC​CCA​ATA​AAA​GTG​ACT​CTCAG

Ref Reverse CCAGG​TGG​TGG​ATT​CTT​AAG​TCTTC

Ref Prob 5′ Tex Red-AATGC​TCC​CAG​TGC​TAT​TCA​TGGGCAG-3′ BHQ-2

SMN1 Forward AACTT​CCT​TTA​TTT​TCC​TTA​CAG​GGTTAC

SMN1 Reverse CTTTC​ATA​ATG​CTG​GCA​GAC​TTACTC

SMN1 Prob 5′ FAM-TCAAA​AAG​AAG​GAA​GGT​GCT​CACATTCC-3′ BHQ-1

T A B L E  1   Primer and probe 
sequences.

F I G U R E  1   (a) Wild type sample, 
1.2 mm punch Whatman 903 DBS. (b) 
Amplification error, 3.2 mm punch 
Whatman 903 DBS. SMN1 Exon 7 labelled 
with FAM-blue colour and reference gene 
labelled with TEXAS RED-red colour.
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randomly from 580 newborn DBS Samples were found to 
be fully compatible (Table 3).

Abbreviations: FN, false negative; FP, false positive; 
TN, true negative; TP, true positive.

4   |   DISCUSSION

SMA is the second leading autosomal recessively in-
herited disease in humans after cystic fibrosis (Czibere 
et al.,  2020; Phan et al.,  2015). Therefore, many coun-
tries have recently introduced newborn SMA screening 
programs to detect the SMN1 exon 7 deletion, homozy-
gous status. In this study, we basically developed the 
NLM with the DBS mix using reduced punch size to 
minimize its inhibitory effect such as DBS paper, hemo-
globin, immunoglobulin, and so forth on the direct real 
time PCR test. In the new direct test system, we achieved 
the expected results with 1.2 mm punch size (Figures 1 
and 2). We ensured that NLM can be applied as direct 
test to large number of samples in the shortest time by 

real-time PCR method. Moreover, NLM has a significant 
advantage to minimize the contamination risk due to not 
including many working steps such as pipetting and cen-
trifugation in the laboratory where thousand tests per a 
day carried out. Thereby, many countries can effortlessly 
use this user-friendly direct real time PCR test system 
and reduce a severe financial burden on their national 
budgets because the NLM can be run without many spe-
cial reagents, kits and trained personnel. In the proce-
dure, you only need to apply two sequential steps; first 
to place a DBS punch into real time PCR plate well with 
a DBS puncher, and second, to add DBS mix into each 
well and then directly head for real time PCR running 
step. Due to without any extra work and effort for nu-
cleic acid extraction from DBS, it will seriously diminish 
time-consuming steps, lab errors, cost and additional la-
borious problems such as sample recording and tracking. 
At the end of the run time, approximately 73 minutes for 
CFX-96 Real Time PCR equipment (Bio-Rad, USA), the 
results can be obtained manually or by custom designed 
software; IntRa-Q (SNP Biotechnology/Turkey) for CFX-
96 Real Time PCR equipment. IntRa-Q can only facilitate 
and prop to procure the results from CFX-96 Real Time 
PCR equipment easily. The NLM does not depend on the 
software to work properly. That is, it does not use the 
IntRa-Q software to reach the results. In brief, this new 
SMA screening system with direct real time PCR tests 
demanding no extraction can also be used everywhere to 
assay with any real time PCR equipment.

In this study, we found all 580 newborn DBS samples 
as wild type in the direct real time PCR test. On the other 
hand, we correctly detected all 20 SMN1 exon 7 homo-
zygous deletion in DBS samples prepared with patients’ 
blood (Figure 3). Internal control of all samples was pos-
itive and their Ct values were below 32. Intended results 
were obtained with direct real time PCR tests by repeat-
ing three times in DBS punches including 1.2 mm sam-
ples size. The results of two kinds of DBS paper showed 

F I G U R E  2   (a) Wild type sample, 
1.2 mm punch I.W. Tremont Co. DBS. (b) 
Unacceptable result, 3.2 mm punch I.W. 
Tremont Co. DBS. SMN1 Exon 7 labelled 
with FAM-blue colour and reference gene 
labelled with TEXAS RED-red colour.

F I G U R E  3   1.2 mm I.W. Tremont Co.– SMN1 Exon 7 
Homozygous deletion. SMN1 Exon 7 labelled with FAM-blue 
colour and reference gene labelled with TEXAS RED-red colour.
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minor differences. We got nearly the same ct values in 
three repeats with I.W. Tremont Co. DBS paper whereas 
the ct values showed slight difference with Whatman 903 
DBS paper (Table 2). Although the standard deviation re-
sults of Whatman 903 and I.W. Tremont Co. DBS papers 
were found close to each other, the I.W. Tremont Co. DBS 
papers has been more attractive in appearance of amplifi-
cation plots and the amount of fluorescence values (Fig-
ure 4a). The amplification plots of Whatman 903 DBS had 
a little dispersed appearance (Figure 4b). According to the 
data, we can claim that newborn DBS samples can be run 
once to reach final results.

All results of 50 DBS samples randomly selected 
from 580 DBS samples and 50 whole blood-impregnated 
DBS samples were compatible with MLPA data. When 
the MLPA method was taken as the gold standard, the 
sensitivity and specificity of the NLM test were found 
100% for the detection of SMN1 exon 7 homozygous de-
letion. These results show that the positive and negative 
predictive values of the newly developed extraction free 
test system were found 100% (Table 3). From all reasons 
above, the method was considered as successful and 
validated.

Newborn SMA screening with the NLM that we have 
developed has an environmentally friendly feature with-
out requiring DNA extraction step. The DNA extraction 
process needs various harmful chemical substances, extra 

energy consumption and countless plastic tubes and tips 
usage. Therefore, there is no need for DNA extraction pro-
cedure in the NLM, which promotes a sustainable envi-
ronment and waste management, which has gained great 
importance all over the world in recent years.

In the literature, it is seen that methods requiring 
consecutive two-step PCR (Shinohara et al.,  2019) or 
post-PCR processes such as melting curve/agarose gel 
electrophoresis (Takeuchi et al.,  2019; Wijaya, Nishio, 
Niba, Okamoto, et al.,  2021; Wijaya, Nishio, Niba, Shi-
roshita, et al., 2021) are applied in direct PCR studies for 
SMA newborn screening. These methods have a low po-
tential for application in SMA newborn screening pro-
grams due to involving high risk of contamination and 
operational challenges. However, the single-step and 
post-PCR-free NLM we have described in this study have 
a high application potential for newborn SMA screening 
programs. Especially, the use of I.W. Tremont Co. DBS 
paper, which we recommend made it possible to observe 
standard sigmoidal Real Time PCR plots in the TaqMan® 
Real Time PCR assay.

To date, we have found that in all countries having a 
newborn screening program for SMA, a homozygous de-
letion of Exon 7 of SMN1 is detected, due to some ethical 
worries. In fact, when the analysis for the SMA carrier sta-
tus in newborn SMA screening programs is carried out, 
extra information for the baby as carrier status may also 

F I G U R E  4   The appereance of 
amplification plots (a) I.W. Tremont Co. 
DBS; one sample is homozygous deleted, 
(b) Whatman 903 DBS. SMN1 Exon 
7 labelled with FAM-blue colour and 
reference gene labelled with TEXAS RED-
red colour.

T A B L E  3   Evaluation of Direct SMA Screening test versus MLPA.

Value Calculation Wild type Homozygous deletion Results

Accuracy (TP + TN)/(TP + TN + FP + FN) (80 + 20)/(80 + 20 + 0 + 0) (20 + 80)/(20 + 80 + 0 + 0) 1

Sensitivity TP/(TP + FN) 80/(80 + 0) 20/(20 + 0) 1

Specificity TN/(TN + FP) 20/(20 + 0) 80/(80 + 0) 1

False positive rate FP/(TN + FP) 0/(20 + 0) 0/(80 + 0) 0

False negative rate FN/(TP + FN) 0/(80 + 0) 0/(20 + 0) 0

Efficiency (TP + TN)/(TP + TN + FP + FN) (80 + 20)/(80 + 20 + 0 + 0) (20 + 80)/(20 + 80 + 0 + 0) 1
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be estimated. If carrier status of a baby for SMA was de-
tected, the mother/father of the baby would be warned 
and also tested for their carrier status. Thus, parents who 
were found to be carriers may be provided genetic coun-
seling for planning their next pregnancies. In fact, we no-
ticed that the direct real time PCR method used in this 
study can also be available quantitatively for newborn 
SMA carrier screening in the near future.

In conclusion, the SMA screening program can be a 
very useful program for a country's health and economy 
in the long run.
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